Heifers produced from sires of seven breeds (Hereford, Angus, Belgian Blue, Piedmontese, Brahman, Boran, and Tuli) and Angus, Hereford, and MARC III (four-breed composite) cows were evaluated. Weaned heifers were placed in three treatment groups of moderate nutrition (15.8 Mcal ME/d), 80% of moderate nutrition (12.6 Mcal ME/d), or fed as a mixed-breed group (16.3 Mcal ME/d). Average daily gain (ADG) from 228 d of age through breeding was measured. There was a sire breed × group interaction ( P < .0001) for ADG in the drylot. Sire breeds differed in their 365-d BW ( P < .0001), and 365-d BW of heifers in the low group (315 ± 4 kg) were lighter ( P < .0001) than those of heifers in the high group (346 ± 4 kg). During breeding, heifers that had been in the low group in the drylot had a higher ADG (.58 ± .02 kg/d) than heifers in the high group (.39 ± .03 kg/d). Age of heifers at puberty did not differ ( P = .06) between the low (362 ± 5 d ) and high groups (357 ± 5 d). Heifers from MARC III (358 ± 5 d ) and Angus (358 ± 6 d) dams reached puberty at a younger age than did heifers with Hereford dams (380 ± 9 d). Age at which puberty was expressed differed with sire breed ( P < .001). The proportion of heifers that were pregnant at palpation (.90) did not differ between sire breeds ( P = .24), dam breeds ( P = .40), or group ( P = .56). Breed differences in postweaning ADG and in the manner in which the population expresses puberty allow for selection of breed types that will optimize cow herd performance.
Introduction
An important element in optimizing cow-calf production is the selection of the breed of cow that complements the producer's environment and management program. Previous studies have identified some of the breed differences that allow for the selection of breeds for production environments (Laster et al., 1976 (Laster et al., , 1979 Gregory et al., 1979a,b) . The overall efficiency of a production system may be increased if inputs can be decreased and subsequent performance maintained. Feed is the single largest financial input in raising heifers. However, changing prepuberal nutritional management can alter age at puberty and subsequent cow performance (Joubert, 1954; Sorensen et al., 1959; Ferrell, 1982) . The selection of a breed for a given production system requires a knowledge of the interaction between feed availability and reproductive performance. Three heat-tolerant breeds (Brahman, Boran, and Tuli), two continental breeds (Piedmontese and Belgian Blue), and two British breeds (Hereford and Angus) were chosen for evaluation.
Materials and Methods

Cow Breeds
Seven breeds of sires were evaluated by topcrossing on Angus ( n ≈ 500), Hereford ( n ≈ 350), and MARC III (1/4 Angus, 1/4 Hereford, 1/4 Pinzgauer, 1/4 Red Poll) composite ( n ≈ 550) cows. Cows were 4 yr of age or older. Angus bulls were bred to Hereford and MARC III cows, and Hereford bulls were bred to Angus and MARC III cows. All other sire breeds were mated to Angus, Hereford, and MARC III cows. Matings were made over a 3-yr period, and heifers were evaluated each year (1992 to 1994) . Heifers were born between March and May of each spring. A total of 1,275 heifers were evaluated.
Sire Breeds
Hereford. Semen from 21 polled-and 9 hornedHereford bulls was used with Angus and MARC III cows to produce F 1 progeny. Nineteen of the Hereford bulls were born from 1982 to 1984 and were used in previous evaluations (Cundiff et al., 1990) , and 11 bulls were born after 1988.
Angus. Semen from 42 Angus bulls was used with
Hereford and MARC III cows to produce F 1 progeny.
Twenty-six Angus bulls were born between 1982 and 1984 and had been used in a previous evaluation (Cundiff et al., 1990) , and 16 bulls were born after 1988.
Belgian Blue. Semen from 25 bulls was used to produce F 1 progeny. The Belgian Blue has historically been selected to establish a high frequency for a major gene that causes muscle hypertrophy (Hanset and Michaux, 1985) .
Piedmontese. Semen from 17 bulls used in a previous evaluation (Cundiff et al., 1990 ) was used to produce a single calf crop in 1992.
Brahman. To estimate genetic trends in the Brahman breed, semen from 21 bulls born between 1984 and 1989 (current) and 24 bulls born between 1964 and 1975 (original, Gregory et al., 1979a was used to produce F 1 progeny.
Boran. Semen from eight Boran bulls was used to produce F 1 heifers. The Boran traces its origin to Bos indicus introduced from the Indian subcontinent into East Africa about 400 A.D. (Hetzel, 1988) .
Tuli. Semen from nine Tuli bulls was used to produce F 1 females. The Tuli is a Sanga breed indigenous to Eastern and Southern Africa with either no or minimal Bos indicus germplasm.
Management and Nutrition
Calves were weaned at an average of 186 ± 12 d of age and placed in a drylot. Heifers were allowed to adjust to the drylot for a 42-d period and then were assigned to treatment groups. Treatment Groups 1 (low; 12.6 Mcal ME/d) and 2 (high; 15.8 Mcal ME/d) were penned by sire breed. Hereford-and Angus-sired heifers were treated as a single sire breed. Treatment Group 3 (mixed; 16.3 Mcal ME/d) consisted of heifers in excess of those required for treatment Groups 1 and 2 and were penned as mixed-sire breeds.
The low-nutrition treatment was pair-fed by pen to the high-nutrition treatment of the same sire breed. The low treatment received 80% of the daily feed of the high group. Heifers were fed a 75% corn silage, 23% alfalfa haylage, and 2% protein mix (as-fed) from weaning until mid-March. The diet was approximately 2.34 Mcal ME/kg DM and 11.6% CP. From mid-March through the end of the feeding period, heifers were fed a 59% corn silage, 39% alfalfa haylage, and 2% protein mix (as-fed). The diet was approximately 2.24 Mcal ME/kg DM and 12.3% CP. In early May heifers were removed from the drylot and placed on grass pasture for 14 d. When heifers were placed on grass, all pens were combined and managed as a single herd. After the 14-d adjustment period, heifers were exposed to Red Poll bulls for a 63-d breeding season.
Data Collection
Heifers were weighed when they were assigned to their treatment groups and then every 28 d until they were moved from drylot to grass. Heifers were subsequently weighed at the beginning and end of breeding and at palpation. Heifers were palpated approximately 65 d following breeding to determine pregnancy rate. Hip height was measured at palpation. Condition score (1-to-9 scale) was determined at breeding and at palpation.
Heifers were checked visually twice daily for estrus from February 1 through the end of the breeding season. Before the breeding season, surgically altered teaser bulls were placed with the heifers to facilitate estrus detection. During the drylot period, bulls were rotated weekly between pens. Puberty was defined as the first estrus. Body weight at puberty was calculated using individual regression equations to determine the ADG during the time that estrus was first detected.
Data Analyses
Data were analyzed with a least squares procedure (Harvey, 1985) , and least squares means and SE are presented in text and tables. Data for BW, ADG, age, condition score, height, percentage pubescent, and percentage bred were analyzed with a model that included sire breed, sire nested within sire breed, dam breed, treatment, birth year, sire breed-dam breed, sire breed-treatment, sire breed-birth year, dam breed-treatment, dam breed-birth year, treatmentbirth year, and linear and quadratic terms for dam age. Sire breed, dam breed, treatment, and birth year were treated as fixed effects. Dam age was treated as a covariate. Sire breed was tested using sire nested within sire breed as the source of error. Sire breed means across treatments and within treatments were tested with nonorthogonal contrast. Means for low and high nutrition treatment within sire breed were tested with nonorthogonal contrast. Current and original Brahman types were tested with the same model but no differences between types were observed for growth or puberty traits and subsequently both types are treated as a single sire breed.
Weight gain per unit DMI or ME intake was analyzed with a model that included sire breed, treatment, birth year, sire breed-treatment, sire breed-birth year, and treatment-birth year. Sire breed, treatment, and birth year were treated as fixed effects. Sire breed means across treatments and within treatments were tested with nonorthogonal contrast. Means for low-and high-nutrition treatment within sire breed were tested with nonorthogonal contrast. The observational units for feed efficiency were pens. Responses with probabilities less than .05 are considered to be different.
Because puberty observations were truncated at the end of the breeding season, means and SE for BW and age at puberty are presented for heifers observed to be pubescent and adjusted for heifers not observed to be pubescent (Dickerson and Laster, 1975 ). An alternative procedure was also used to adjust for truncated data by estimating the percentage of pubescent heifers in the population. Parameter estimates were determined for a model bound by 0 and 100 using reduced sums of squares with a multivariate secant method (SAS, 1989) .
Results
Original vs Current Brahman
Growth. Age and BW at the beginning of the feeding period were not different between original and current type Brahmans ( P > .31). Average daily gain in the drylot ( P = .43) and subsequently 365-d BW ( P =.56) did not differ between progeny of current and original Brahman sires. Brahman sire type did not affect ADG during breeding ( P = .26). At palpation, current type Brahmans were heavier (398 ± 6 kg) than original type (379 ± 9 kg; P = .03), and current type Brahmans were taller (132.8 ± .8 cm) than original type (129.9 ± 1.1 cm; P = .007).
Reproduction. The percentage pubescent was not affected by sire type ( P = .44). Age at puberty ( P = .90) and BW at puberty ( P = .43) were not affected by sire type. Current type Brahman heifers had a higher pregnancy rate (78%) than did original type Brahman heifers (53%; P = .01).
Breed Comparisons of Growth
Initial Age and Body Weight
Heifers sired by Angus (260 ± 2 d ) and Hereford (256 ± 2 d ) bulls were older at the beginning of the drylot period than Tuli-(251 ± 2 d), Piedmontese-(250 ± 3 d), Boran-(250 ± 3 d), or Brahman-(249 ± 2 d ) sired heifers. Belgian Blue (255 ± 2 d ) heifers were intermediate in age between the two groups. There was an interaction between sire breed and dam breed ( P = .027) for initial BW (Table 1) .
Average Daily Gain in Drylot
Dam breeds differed in their drylot ADG ( P < .001). Heifers from Hereford cows had higher rates of gain (.64 ± .02) in the drylot than did heifers from Angus (.57 ± .02) or MARC III (.55 ± .02) cows. There was a sire breed × group interaction ( P < .0001) for ADG in the drylot (Table 2) .
Low Group. Hereford-sired heifers and Angus-sired heifers had similar rates of gain ( P = .73), but gains were higher than those of other breeds (Table 2) . Angus-sired heifers had gains similar to gains of heifers from Belgian Blue sires ( P = .13), but their gains were higher than gains of heifers from Piedmontese, Brahman, Boran, or Tuli. Belgian Blue-sired heifers had higher rates of gain than heifers from Piedmontese, Brahman, Boran, or Tuli (Table 2) .
Heifers from Piedmontese, Brahman, Boran, or Tuli did not differ in rates of gain (Table 2) .
High Group. Angus-sired heifers had higher rates of gain in the drylot than the heifers sired by the other breeds (Table 2) . Hereford-sired heifers had higher rates of gain than heifers sired by Belgian Blue, Piedmontese, Brahman, Boran, or Tuli. Belgian Bluesired heifers had higher rates of gain than Piedmontese-, Brahman-, Boran-, or Tuli-sired heifers (Table  2) .
Body Weight at 365 Days and Final Body Weight
There was a tendency ( P = .07) for a sire breed × treatment group interaction for 365-d BW (Table 2) . Hereford-sired heifers' 365-d BW (353 ± 5 kg) did not differ from that of Angus-sired heifers (347 ± 5 kg) Probability levels
.17 Dam age linear Dam age quadratic but was greater than that of Belgian Blue-(334 ± 5 kg), Brahman-(328 ± 5 kg), Piedmontese-(304 ± 7 kg), Boran-(302 ± 9 kg), or Tuli-(302 ± 7 kg) sired heifers. Angus-sired heifers had higher 365-d BW than Belgian Blue-, Piedmontese-, Brahman-, Boran-, or Tuli-sired heifers. The 365-d BW of Belgian Blue-and Brahman-sired heifers did not differ, but both were greater than 365-d BW of Piedmontese-, Boran-, or Tuli-sired heifers. The 365-d BW of Piedmontese-, Boran-, and Tuli-sired heifers did not differ. There was an interaction between dam breed and group ( P = .0002) for 365-d BW. There was also an interaction for sire breed-group and dam breed-group for final BW ( P < .05).
Low Group. Heifers with Angus dams had higher 365-d BW (327 ± 5 kg) than did heifers with Hereford (306 ± 5 kg) or MARC III (314 ± 4 kg) dams. Final drylot BW followed the same pattern as 365-d BW. In the low group, heifers with Angus dams had higher BW (342 ± 5 kg) than did heifers with Hereford (317 ± 6 kg) or MARC III (328 ± 5 kg) dams.
Final drylot BW between Hereford-and Angussired heifers were not different (Table 2 ), but final Hereford BW were higher than those of the other breeds. Final drylot BW for Angus-sired heifers did not differ from that of Belgian Blue-sired heifers but was higher than that of Piedmontese-, Brahman-, Boran-, or Tuli-sired heifers (Table 2) . Belgian Bluesired heifers' final BW did not differ from that of Brahman-sired heifers but was greater than that of Piedmontese-, Boran-, or Tuli-sired heifers (Table 2) . Brahman-sired heifers had greater final BW than Piedmontese-, Boran-, or Tuli-sired heifers (Table 2) . Final BW for Piedmontese-, Boran-, and Tuli-sired heifers did not differ from each other.
High Group. Heifers from Angus dams had higher 365-d BW (360 ± 5 kg) than did heifers from Hereford (337 ± 5 kg) or MARC III (341 ± 4 kg) dams. Heifers from Angus dams had higher final BW (379 ± 5 kg) than did heifers from Hereford (357 ± 5 kg) or MARC III (358 ± 5 kg) dams.
Heifers with Angus sires had higher final BW than heifers with Hereford sires. Angus-and Hereford-sired heifers had higher final BW than Belgian Blue-, Piedmontese-, Brahman-, Boran-, or Tuli-sired heifers (Table 2) . Belgian Blue-sired heifers had a higher final BW than Piedmontese-, Brahman-, Boran-, or Tuli-sired heifers. Brahman-and Piedmontese-sired heifers did not differ in final BW, but Brahman-sired heifers had higher final BW than Boran-or Tuli-sired heifers. Final BW for Piedmontese, Boran, and Tuli heifers did not differ (Table 2) .
Feed Efficiency
There was no interaction between sire breed and nutrition treatment (Table 3 ) for weight gain per unit of DMI or ME intake ( P = .97). The high-nutrition treatment had a higher ( P < .001) efficiency of BW gain per unit of DMI (.092 ± .001 kg/kg) than the lownutrition treatment (.075 ± .001 kg/kg). The highnutrition treatment also had a higher ( P < .001) efficiency of BW gain per unit of ME intake (.040 ± .001 kg/Mcal) than the low-nutrition treatment (.033 ± .001 kg/Mcal). Weight gain efficiency per unit of DM was not different ( P = .08) between Hereford-Angussired heifers (.092 ± .002 kg/kg) and Belgian Bluesired heifers (.088 ± .002 kg/kg). Hereford-Angussired heifers had a higher efficiency of DM utilization than Piedmontese-(.083 ± .003 kg/kg), Boran-(.081 ± .002 kg/kg), Brahman-(.079 ± .002 kg/kg), or Tuli-(.078 ± .002 kg/kg) sired heifers. Belgian Blue-and Piedmontese-sired heifers did not differ from each other in DM utilization ( P = .19); however, Belgian Blue-sired heifers had a higher efficiency of DM utilization than Boran-, Brahman-, and Tuli-sired heifers. Piedmontese-, Boran-, Brahman-, and Tulisired heifers did not differ in their efficiency of DM utilization ( P > .25).
Body Weight at Breeding
There was a dam breed × group interaction for BW at the start of breeding. In the low and high groups, heifers from Hereford and MARC III dams did not differ from each other ( P > .05); however, both breeds were lighter than heifers from Angus dams. In the low group, BW at breeding was 312.6 ± 5.0 kg for heifers from Hereford dams, 320.5 ± 4.3 kg for heifers from MARC III dams, and 330.0 ± 4.5 kg for heifers from Angus dams. In the high group, BW at breeding was 336.8 ± 5.0 kg for heifers from Hereford dams, 337.6 ± 4.3 kg for heifers from MARC III dams, and 353.0 ± 4.6 kg for heifers from Angus dams. In the mixed group, heifers from MARC III dams (343.7 ± 4.9 kg; n = 200) were heavier ( P = .02) than heifers from Hereford dams (294.5 ± 21.3 kg; n = 2). Heifers from Angus dams (328.4 ± 10.8 kg; n = 11) did not differ from heifers from either MARC III or Hereford dams ( P > .05).
At the beginning of breeding, heifers in the low group (321.0 ± 4.0 kg) had lower BW than heifers in the high group (342.5 ± 4.0 kg; P < .001). Sire breed influenced BW at the beginning of breeding ( P < .001): Boran (299.3 ± 8.9 kg), Tuli (300.3 ± 6.6 kg), Piedmontese (309.5 ± 6.5 kg), Brahman (326.0 ± 4.9 kg), Belgian Blue (342.8 ± 5.0 kg), Angus (358.9 ± 4.9 kg), and Hereford (363.1 ± 5.0 kg).
Heifers in the low-nutrition group had a lower condition score (6.5 ± .1) than did heifers in the highnutrition group (7.0 ± .1; P < .001). Condition score of heifers from Hereford (7.2 ± .2) and Angus (6.8 ± .1) dams did not differ at breeding ( P = .17), but both had higher condition scores than heifers from MARC III dams (6.5 ± .1; P < .024). Condition scores of heifers sired by Boran (7.6 ± .2) were higher at breeding than those of heifers sired by Hereford (7.2 ± .1), Angus (7.2 ± .1), Tuli (7.0 ± .1), Brahman (7.0 ± .1), Piedmontese (6.2 ± .2), and Belgian Blue (5.8 ± .1).
Average Daily Gain During Breeding
Heifers that had been in the low group in the drylot had a higher ADG (.58 ± .02 kg/d) than did heifers in the high group (.39 ± .03 kg/d). Average daily gain during breeding differed with sire breed ( P < .001 
Breed Comparisons of Reproduction
Puberty. Treatment groups did not differ in the percentage of heifers that reached puberty by the end of the breeding season ( P = .55). Sire breeds differed ( P < .001) in the percentage that reached puberty, but dam breeds did not differ ( P = .67). Fewer heifers sired by Brahman (79%) expressed puberty by the end of breeding than did heifers sired by Belgian Blue (99%), Hereford (98%), Angus (97%), Piedmontese (96%), Boran (93%), or Tuli (93%). The percentage of heifers sired by Hereford, Angus, Piedmontese, Boran, or Tuli that expressed puberty did not differ from each other. The relative rate at which heifers expressed puberty differed among breeds (Figure 1 ).
Fewer heifers sired by Brahman (27%) expressed puberty by 400 d of age than did heifers sired by Boran (58%), Tuli (78%), Piedmontese (85%), Hereford (90%), Belgian Blue (92%), and Angus (95%). At 400 d of age fewer heifers sired by Boran sires had expressed puberty compared with heifers sired by Tuli, Piedmontese, Hereford, Belgian Blue, or Angus. The percentage of heifers that expressed puberty by 400 d of age did not differ between Tuliand Piedmontese-sired heifers; however, a lower percentage of Tuli-sired heifers expressed puberty before 400 d of age than did Hereford-, Belgian Blue-, or Angus-sired heifers. The percentage of heifers that expressed puberty before 400 d of age did not differ between Piedmontese-, Hereford-, Belgian Blue-, or Angus-sired heifers.
Age at which heifers became pubescent did not differ ( P = .06) between the low (362 ± 5 d ) and high groups (357 ± 5 d). Heifers from MARC III (358 ± 5 d ) and Angus (358 ± 6 d ) dams reached puberty at a younger age than did heifers with Hereford dams (380 ± 9 d). Age at which puberty was expressed did not differ for heifers sired by Piedmontese (344 ± 7 d), Belgian Blue (346 ± 6 d), Angus (349 ± 5 d), or Hereford (353 ± 6 d); however, heifers sired by these breeds expressed puberty at a younger age than heifers sired by Tuli (365 ± 8 d), Boran (390 ± 10 d), and Brahman (411 ± 6 d). Tuli-sired heifers expressed puberty at a younger age than heifers sired by Boran or Brahman and heifers with Boran sires expressed puberty at a younger age than Brahman-sired heifers.
Adjusted means and standard errors for age at puberty are presented in Table 4 . In addition, parameter estimates for functions that predict the total percentage of heifers that have reached puberty at a given age are presented in Table 5 . Parameter Figure 1 . The percentage of heifers pubescent as a function of age (x): ƒ(x) = 100/(1 + (k/x) z ). Values for "k" and "z" are presented in Table 5 . Heifers were fed to achieve moderate growth (⁄) or fed 80% of the moderate growth level (ÿ).
estimate "k" is the age at which 50% of the heifers have expressed puberty and parameter estimate "z" determines the rate at which the population becomes pubescent.
The BW at which pubescent heifers reached puberty was lower ( P < .001) for heifers in the low group (314 ± 4 kg) than for heifers in the high group (335 ± 4 kg). Pubescent heifers from Hereford dams (318 ± 8 kg) reached puberty at a lower BW than did heifers with MARC III (326 ± 4 kg) or Angus (327 ± 6 kg) dams. The BW at which pubescent heifers expressed puberty was not different for heifers sired by Piedmontese (297 ± 7 kg), Tuli (300 ± 7 kg), or Boran (310 ± 9 kg); however, these heifers expressed puberty at a lighter BW than did heifers sired by Belgian Blue (327 ± 5 kg), Brahman (342 ± 5 kg), Angus (342 ± 5 kg), or Hereford (348 ± 5 kg) sires. Heifers with Belgian Blue sires expressed puberty at a lighter BW than did heifers sired by Brahman, Angus, or Table 4 . Least squares means and standard errors for puberty and palpation in heifers fed two levels of feed before breeding a n = 87; b n = 97; c n = 185; d n = 233. Hereford. Body weight at puberty did not differ for heifers sired by Brahman, Angus, or Hereford bulls. Adjusted means and standard errors for BW at puberty are presented in Table 4 .
Pregnancy. The proportion of heifers that were pregnant at palpation (.90) did not differ between sire breeds ( P = .24), dam breeds ( P = .40), or group ( P = .56). The BW (382 ± 4 kg) of the low group was less than that of the high group (389 ± 4 kg) at palpation ( P = .003). Heifers differed in BW at palpation by sire breed ( P < .001). Heifers sired by Hereford (413 ± 5 kg) bulls were heaver at palpation than heifers sired by Brahman (398 ± 5 kg), Belgian Blue (388 ± 5 kg),
Boran (362 ± 9 kg), Piedmontese (357 ± 7 kg), and Tuli (357 ± 7 kg) bulls. Heifers sired by Angus (404 ± 5 kg) and bulls were heavier at palpation than heifers with Belgian Blue, Boran, Piedmontese, or Tuli sires. Heifers sired by Brahman or Belgian Blue bulls were heavier at palpation than heifers with Boran, Piedmontese, or Tuli sires.
Discussion
In this study DM intake was reduced by 20% without a reduction in pregnancy rates across a wide range of breed types. The magnitude of difference in drylot performance was as great between breeds as it was between the low and high group within breed. Feeding heifers to achieve a moderate rate of gain seems to be a potential option for reducing heifer development cost.
Average daily gains and feed efficiencies were higher in the high treatment group than in the low treatment group. In an experiment on energy utilization by steers of the same breeds as the heifers in this study, Ferrell and Jenkins (1995) determined that retained energy increased with increased metabolizable energy intake in a manner that followed a function of diminished returns. Based on this function, feed efficiency would increase to an optimum level before declining. The ME intake of the high group in the current study is slightly below the estimated optimum in the study of Ferrell and Jenkins (1995) . They also proposed that differences in energy utilization were primarily a function of differences in ad libitum feed intakes. This conclusion is consistent with the differences in feed efficiency between the low and high group within breeds in our study. In the current study, heifers in the high group were limit-fed to achieve similar ME intakes per unit of metabolic body size (BW kg .75 ) . Heat-adapted heifers tended to have lower rates of gain and lower feed efficiencies than those not adapted to heat. The work of Ferrell and Jenkins (1995) suggests that there was not a difference in the energy required for maintenance between the breeds when steers consumed feed ad libitum. The current study differed from that of Ferrell and Jenkins (1995) in that all cattle were limit-fed and the feeding period occurred primarily during the fall and winter months. In this study, Hereford and Angus tended to have higher condition scores than the other breeds at the beginning of breeding, suggesting that they had more external fat during the drylot period. The breeds not adapted to heat should have longer and denser haircoats during this period. The combination of more internal and external insulation would suggest a lower heat loss during the drylot period, leading to a higher efficiency of weight gain.
Heifers that had lower rates of growth in the drylot met or exceeded their drylot growth rates during the breeding season, but heifers in the high treatment groups had lower rates of gain than the heifers in the low treatment group. The difference in weight between the low and high groups at the end of the drylot period was 36 kg. At the end of breeding the higher rates of gain on pasture of the low group resulted in a treatment difference of 10 kg. At palpation the margin had been reduced to 7 kg. These data suggest that the advantage of greater weights for the high group at the end of the drylot period is mitigated by better utilization of grazed forage by the heifers in the low group.
Production systems that require heifers to have their first calves as 2-yr-olds require the heifers to reach puberty by 16 mo of age. In the current study, all breeds except the Brahman had achieved a 90% pubescent rate by the end of breeding (Table 4 ). In Brahmans in the high group, pregnancy rates exceeded the percentage pubescent, suggesting that Brahmans are penalized when visual observation is used as an indicator of expression of puberty. Heifers that breed early in the breeding season have an advantage over those that breed late in that they will have more time for growth before the next mating and thus be more likely to conceive. Fewer heifers in the heat-adapted breeds than in the other breeds had expressed puberty by 400 d of age (Table 5) . Comparisons between the original and current Brahman sires indicate the current selection has resulted in taller heifers; however, age at puberty has remained unchanged. These findings in the Brahman are consistent with the genetic correlation estimates between age at puberty and growth rate in Bos taurus breeds (Martin et al., 1992) . Older age at puberty observed in heat-adapted breeds compared to European breeds is consistent with earlier observations in the Sahiwal and Brahman (Gregory et al. 1979a) . Estimates for average age at puberty for Brahman are higher in the current study than in that of Gregory et al. (1979a) , but both studies estimate a similar proportion of the population being pubescent at 400 d of age. The Tuli and Boran reach puberty at an earlier age than the Brahman, suggesting that they may be a potential germplasm source when early puberty is required in heat-adapted breeds.
Even though a larger portion of the heat-adapted heifers did not express puberty until the breeding season, pregnancy rates suggest that their fertility was not compromised. Breeds differ in their ability to reach puberty depending on the level of nutritional restriction (Ferrell, 1982) . With the exception of Tuli, the ability of heifers to express puberty by 400 d of age was unaffected by reduced feed intakes.
Unadjusted means for age and weight at puberty (Table 4 ) are biased to the extent that the period over which puberty is expressed results in truncation of the data. Failure to begin data collection before puberty is expressed will result in a higher estimate of age and BW at first expression of puberty and ending the observation period before all heifers express puberty results in a lower estimate for age and BW. In the current experiment, the observation period ended before all heifers became pubescent. To adjust for these missed observations, the method of Dickerson and Laster (1975) was used to adjust the means (Table 4 ). An alternative approach is to fit a function to the cumulative observations of the population (Table 5 ). The function fit in this data set and the method of Dickerson and Laster (1975) assume that the percentage of individuals within the population that reach puberty is between 0 and 100 and that the data are normally distributed. The methods differ in that the method of Dickerson and Laster (1975) requires that the actual age that each heifer expresses puberty be observed, but the alternative method requires a knowledge of whether a heifer has expressed puberty at any given age. The method used by Dickerson and Laster (1975) also requires that the data only be truncated at the end of the observation period, and fitting a function to the cumulative data allows truncation of data at either end of the distribution. There is relatively good agreement between the two procedures for the estimation of the average age at which puberty is expressed (Tables 4  and 5 ).
Implications
Because sire breeds differ in their postweaning rates of gain and in the manner in which the population expresses puberty, proper selection of the appropriate breed for a production system can improve optimum performance of the cow herd. If forage conditions are adequate during the breeding season, moderate feed restriction during the pre-breeding period can reduce heifer development costs and increase utilization of grazed forage without a reduction in reproductive performance.
